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CONTROL OF POWER GENERATION
SYSTEM DURING ONLINE MAINTENANCE
USING MULTIPLE MAINTENANCE MODES

BACKGROUND

The disclosure relates generally to the operation of power
generation systems. More specifically, embodiments of the
disclosure provide a methodology for controlling a power
generation system during on-line maintenance operations,
by providing multiple maintenance modes.

Power generation systems, also known as power plants,
typically include a variety of different systems (e.g., turb-
omachine, generator, and/or other interconnected assem-
blies) that are used to generate a power output. Such power
plants may include a power source (e.g., a turbomachine,
solar panel, nuclear reactor, etc.), a prime mover (e.g., a
rotatable shaft or similar element) for coupling the power
source to an electric generator, and/or various components
of the electric generator. For instance, a power generation
system may include a gas turbine assembly having a com-
pressor coupled to a gas turbine. The gas turbine 1n turn may
be coupled to and drive a generator mounted on the same
shaft. The generator produces a power output.

Power generation systems are designed and built to oper-
ate over a period of several years. Over this time, the aging
and continued use of a power generation system will pose a
need for maintenance of the power generation system and its
components, €.g., repair, replacement, upgrading, and/or
other types of servicing. Given the constant demand for
power by customers of the electrical infrastructure, 1t 1s
undesirable to completely shut down the system to undergo
“off-line” maintenance except when absolutely necessary.
Many power generation systems allow for operation in a
“maintenance setting,” 1.e., a setting in which the power
generation system continues to produce power at a modified
output. Operation 1n a maintenance setting may be possible
during periods of lower demand. When a power generation
system operates 1n this setting, targeted components or parts
are repaired (e.g., mechanically repaired or purged of con-
taminants), replaced, upgraded, etc. Maintenance of a power
generation system in this state 1s known as “on-line main-
tenance.”

The on-line maintenance setting featured in several power
generation systems may face technical challenges that limat
its eflectiveness. For example, many systems for monitoring
variables such as concentrations of hazardous fluids, or other
variables such as shaft speed, fluid pressure, magnitude of
vibrations, etc., may trigger a start to on-line maintenance in
response to minor anomalies. When such anomalies are not
indicative of larger systemic problems, transitions into and/
or out of on-line maintenance consumes considerable time
and cost 1n the form of lost power output, servicing time,
purchasing of parts and/or repair equipment, etc. Increasing
the thresholds for each monitored variable to reduce “false
positives” may cause systemic 1ssues to be left unchecked.
In extreme situations, the reduced management of systemic

taults require a shutdown of the power generation system for
ofl-line maintenance.

BRIEF DESCRIPTION

Aspects of the disclosure provide a method for controlling
a power generation system during on-line maintenance, the
method 1including: operating the power generation system in
a first maintenance mode, wherein the operating the power
generation system in the first maintenance mode causes a

10

15

20

25

30

35

40

45

50

55

60

65

2

controller of the power generation system to disable an
automated response to at least one operational fault of the
power generation system; monitoring a risk parameter of the
power generation system or at least one sensor within the
power generation system while operating the power genera-
tion system 1n the first maintenance mode; and operating the
power generation system 1n a second maintenance mode in
response to detecting an override command, an elapsed time
in the first maintenance mode exceeding a time limit, or the
monitored risk parameter exceeding a safety threshold,
wherein operating the power generation system 1n the sec-
ond maintenance mode causes the controller of the power
generation system to enable the automated response to the at
least one operational fault of the power generation system.

Further aspects of the disclosure provide a program
product stored on a computer readable storage medium for
controlling a power generation system during on-line main-
tenance, the computer readable storage medium including
program code for causing a computer system to perform
actions including: operating the power generation system 1n
a first maintenance mode, wherein the operating the power
generation system in the first maintenance mode causes a
controller of the power generation system to disable an
automated response to at least one operational fault of the
power generation system; monitoring a risk parameter of the
power generation system or at least one sensor within the
power generation system while operating the power genera-
tion system 1n the first maintenance mode; and operating the
power generation system 1n a second maintenance mode in
response to detecting an override command, an elapsed time
in the first maintenance mode exceeding a time limit, or the
monitored risk parameter exceeding a safety threshold,
wherein operating the power generation system 1n the sec-
ond maintenance mode causes the controller of the power
generation system to enable the automated response to the at
least one operational fault of the power generation system.

Additional aspects of the disclosure provide a system
including: a power generation system configured to operate
in an on-line maintenance setting; a system controller 1n
communication with the power generation system, the sys-
tem controller being configured to perform actions during
operation of the power generation system in the on-line
maintenance setting, the actions including: operate the
power generation system in a first maintenance mode,
wherein the operating the power generation system in the
first maintenance mode causes a controller of the power
generation system to disable an automated response to at
least one operational fault of the power generation system;
monitor a risk parameter of the power generation system or
at least one sensor within the power generation system while
operating the power generation system 1n the first mainte-
nance mode; and operate the power generation system 1n a
second maintenance mode 1n response to detecting an over-
ride command, an elapsed time in the first maintenance
mode exceeding a time limit, or the monitored risk param-
cter exceeding a safety threshold, wherein operating the
power generation system in the second maintenance mode
causes the controller of the power generation system to
enable the automated response to the at least one operational
fault of the power generation system.

The 1llustrative aspects of the present disclosure are
designed to solve the problems herein described and/or other
problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of this disclosure will be more
readily understood from the following detailed description
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ol the various aspects of the disclosure taken in conjunction
with the accompanying drawings that depict various

embodiments of the disclosure, 1n which:

FIG. 1 1s a schematic view of a controller, power gen-
eration system, and other components configured for use 1n
methods, according to embodiments of the disclosure.

FIG. 2 1s a block diagram illustrating the interaction
between the controller and power generation system in
methods, according to embodiments of the disclosure.

FIG. 3 shows a schematic view of a power generation
system, controller, and other components configured for use,
according to embodiments of the present disclosure.

FIG. 4 provides an illustrative flow diagram of a method
for controlling a power generation system during on-line
maintenance, according to embodiments of the present dis-
closure.

It 1s noted that the drawings of the disclosure are not to
scale. The drawings are intended to depict only typical
aspects of the disclosure, and therefore should not be con-
sidered as limiting the scope of the disclosure. In the
drawings, like numbering represents like elements between
the drawings.

DETAILED DESCRIPTION

As an mitial matter, 1n order to clearly describe the current
technology, 1t will become necessary to select certain ter-
minology when referring to and describing relevant machine
components within the various systems, components, and
other embodiments of the disclosure. To the extent possible,
common 1ndustry terminology will be used and employed 1n
a manner consistent with its accepted meaning. Unless
otherwise stated, such terminology should be given a broad
interpretation consistent with the context of the present
application and the scope of the appended claims. Those of
ordinary skill 1n the art will appreciate that often a particular
component may be referred to using several different or
overlapping terms. What may be described herein as being
a single part may include and be referenced in another
context as consisting of multiple components. Alternatively,
what may be described herein as including multiple com-
ponents may be referred to elsewhere as a single part.

In addition, several descriptive terms may be used regu-
larly herein, as described below. The terms “first,” “second,”
and “third” may be used interchangeably to distinguish one
component from another and are not intended to signify
location or importance of the individual components.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the disclosure. As used herein, the singular forms
“a,” “an,” and “the,” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specity the
presence of stated features, integers, steps, operations, ele-
ments, and/or components but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
“Optional” or “optionally” means that the subsequently
described event or circumstance may or may not occur, and
that the description includes instances where the event
occurs and instances where 1t does not.

Where an element or layer is referred to as being “on,”
“engaged to,” “connected to” or “coupled to” another ele-
ment or layer, 1t may be directly on, engaged, connected or
coupled to the other element or layer, or intervening ele-

ments or layers may be present. In contrast, when an element
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1s referred to as being “directly on,” “directly engaged to,”
“directly connected to” or “directly coupled to” another
clement or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship
between elements should be interpreted in a like fashion
(e.g., “between” versus “directly between,” “adjacent” ver-
sus “directly adjacent,” etc.). As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

Embodiments of the present disclosure provide methods,
program products, and systems for operating a power gen-
cration system 1n a maintenance setting. Methods according
to the disclosure use multiple maintenance modes to allow
the power generation system to operate 1 a first mainte-
nance mode, without at least one automated response to an
operational fault of the power generation system (1.e., auto-
matic shutdowns, changes in firing rate, temperature, pres-
sure etc.). While operating 1n the first maintenance mode,
one or more sensors of the power generation system may
monitor various risk parameters, €.g., chemical parameters
such as gas concentrations, mechanical parameters such as
shaft speed, and/or electrical parameters such as power
output. In this state, any one of several conditions may cause
the power generation system to transition from operating in
the first maintenance mode to operating in a second main-
tenance mode. For example, detecting an override com-
mand, operating in the first maintenance mode for longer
than a time limit, and/or one of the monitored risk param-
cters exceeding a safety threshold, may cause the power
generation system to operate in the second maintenance
mode. In the second maintenance mode, a controller of the
power generation system re-enables the automated response
to the operational fault(s), thereby causing the power gen-
eration system to be more sensitive to various maintenance
scenar1os. Methods according to the disclosure thus permit
a limited amount of operation with a more permissive form
of momtoring, while ensuring safety by automatically
restoring a preventative response to an operational risk.

FIG. 1 shows a schematic depiction of a power generation
system 100 configured for implementing various embodi-
ments of the disclosure. Power generation system 100
according to one example may include a turbomachine 102
(c.g., a gas turbine assembly) but other types of power
sources and/or assemblies may also be used 1n embodiments
of the disclosure. Turbomachine 102 1itself may be one of
two, five, ten, one-hundred, or more turbomachines 1n one
power plant, and only one turbomachine assembly 1s shown
in detail in FIG. 1 solely for the sake of example. In one
non-limiting example, turbomachine 102 may include a gas
turbine, which may include a compressor 122. Compressor
122 compresses an incoming flow of fluid (e.g., air) from an
inlet 124 as 1t flows through compressor 122. Compressor
122 may include a plurality of stages of stator vanes (not
shown) and rotating blades (not shown) positioned within
compressor 122. The stator vanes and rotating blades posi-
tioned within compressor 122 may be configured to aid in
moving and/or passing fluid through compressor 122. Com-
pressor 122 may include a set of inlet guide vanes (IGVs)
126. IGVs 126 are a type of adjustable compressor nozzle
that 1s structured specifically to direct the incoming flow of
operating fluid onto the rotating blades of compressor 122.
IGVs 126 may be adjustable between several positions to
allect the tlow rate, incident angle, and/or other properties of
fluid entering compressor 122. 1GVs 126 thus may be
capable of aflecting the temperature of compressor 122, the
power output from power generation system 100, and/or
other properties.
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Compressor 122 delivers a flow of compressed tluid (e.g.,
compressed air) to a combustor 138. Combustor 138 mixes
the flow of compressed tluid with a pressurized tflow of fuel
provided by a fuel supply 140 and igmites the mixture to
create a flow of combustion gas. The flow of combustion gas
1s 1 turn delivered to a turbine component 142, which
typically includes a plurality of stages of stator vanes (not
shown) and turbine blades (not shown), similar to compres-
sor 122. Exhaust gases from the combustion within com-
bustor 138 may tlow to an exhaust component 144. Exhaust
component 144 may include various filtration instruments to
extract hazardous materials from the exhaust gas, before
they reach an mterconnected component (e.g., a heat recov-
ery steam generator). The flow of combustion gas drives
turbine component 142 to produce mechanical work. The
mechanical work produced 1n turbine component 142 drives
compressor 122 via a shaft 150, and may be used to drive a
generator 152 (e.g., an external component) configured to
generate power. Generator 152 may be electrically coupled
to electrical infrastructure for delivering power to custom-
ers, e.g., various transmission lines (not shown) via electri-
cal substations, distribution lines, etc.

Various portions ol power generation system 100 may
also 1nclude, or be 1n fluid communication with, a cooling
fluid supply 154 for directing one or more cooling fluids
(e.g., air, various relrigerants, etc.) to various components of
power generation system 100. Cooling fluid supply 154 1n
many cases may be a fluid coupling to flmd(s) within
compressor 122 for siphoning to other components of power
generation system 100. In other types of power generation
systems, cooling fluid supply 154 may be a dedicated source
of cooling fluids. Cooling flmd supply 154 may be a
dedicated supply of fluid, and/or may be connection to
ambient air or water. One or more cooling passages, air
circuits, etc., may control the flow of cooling fluids from
cooling fluid reservoir throughout power generation system
100 to cool compressor 122, turbine component 142, gen-
erator 152, and/or other components. The flow of fluids to,
from, or within power generation system 100 can be con-
trolled using one or more valves 162. Such fluids may
include, e.g., fuel from fuel supply 140, cooling fluids from
cooling fluid supply 154, and/or other sources of fluid
directed to, from, or within power generation system 100.
Each valve 162 may take the form of any currently known
or later developed component for controlling the tlow of
fluid through a line for transmitting the fluid. Regardless of
how valve(s) 162 are embodied, one or more variables such
as the amount, temperature, tlow rate, etc., ol operative
fluids within turbine component 142 can be aflected by
adjusting the position of control valve(s) 162 as described
herein. Valve(s) 162 can control an amount or fraction of
tuel, operative fluid, cooling fluid, etc., circulated to, from,
or within power generation system 100. Some valves 162
may take the form of a three-way valve coupled to one or
more bypass lines, e.g., structured for allowing a fluid to
bypass one or more components of power generation system
100 and/or expelled theretrom.

Power generation system 100, and components connected
thereto (e.g., fuel supply 140 and/or cooling fluid supply
154) may 1nclude one or more sensors 164 for monitoring of
parameters such as mechanical, electrical, and/or chemical
parameters. In an example, sensor(s) 164 may be in the form
of temperature sensor(s), gas sensor(s), flow sensor(s), pres-
sure sensor(s), and/or other devices for evaluating the prop-
ertiecs of power generation system 100 and/or materials
therein at a particular location. Sensor(s) 164 may include a
fluid concentration sensor, e.g., for detecting concentrations
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ol hazardous and/or explosive fluids such as methane, and/or
other materials that are hazardous to power generation
system 100 (e.g., corrosive acids and/or gases). In this case,
sensor(s) 164 may be located 1n exhaust component 144
and/or other portions of power generation system 100 where
such gases may appear. Sensor(s) 164 for detecting hazard-
ous tluids may include an aspirated sensor, a direct point
sensor, a light-based sensor, a catalytic bead sensor, an
electrochemical sensor, and/or an ultrasonic sensor.

Sensor(s) 164 in the form of a temperature sensor can
include thermometers, thermocouples (1.e., voltage devices
indicating changes in temperature from changes 1n voltage),
resistive temperature-sensing devices (1.e., devices lor
evaluating temperature from changes 1n electrical resis-
tance), infrared sensors, expansion-based sensors (1.e., sen-
sors for deriving changes 1n temperature from the expansion
or contraction of a material such as a metal), and/or state-
change sensors. Sensor(s) 164 in the form of pressure
sensors can include barometers, manometers, tactile pres-
sure sensors, optical pressure sensors, 10n1zing pressure
sensors, etc. For calculating flow rate and/or other kinetic
properties of the operative fluid, sensor(s) 164 can include,
¢.g., air tlow meters, mass flow sensors, anemometers, etc.
Sensor(s) 164 may also dertve one or more parameters from
other measured quantities, e.g., temperature, pressure, tlow
rate, etc. These measured quantities, 1n turn, can be mea-
sured at multiple positions of turbine component 142 and/or
power generation system 100 and applied to mathematical
models of fluid flow through a particular component, e.g.,
via a controller 180 as described herein. In this case,
sensor(s) 164 can include components for measuring vari-
ables related to temperature and processing components
(e.g., computer soltware) for prediction and/or calculating
values of temperature or other metrics based on the related
variables. In general, the term “monitoring’” 1n the context of
sensor(s) 164 refers to direct measurement and/or the pro-
cess of mathematically computing a particular value by
direct measurement, predictive modeling, derivation from
related quantities, and/or other mathematical techniques for
measuring and/or finding a particular quantity. In any event,
the conditions measured by each sensor(s) 164 can be
indexed, tabulated, etc., according to a corresponding time
ol measurement, or in a respective location in the case of
moveable sensor(s) 164. In some cases, controller 180 can
act as a “pseudo-sensor” for calculating (e.g., by estimation
or derivation) one or more operating conditions at positions
within power generation system 100 which do not include
sensor(s) 164.

One or more sensor(s) 164 may include an energy sensor
for measuring, €.g., an energy output from power generation
system 100 and/or generator 152. Such sensor(s) 164 may be
embodied as any currently-known or later-developed 1nstru-
ment for measuring the energy produced by power genera-
tion system 100 and/or generator 152 including without
limitation, a current sensor, a voltage detector, a magnetom-
eter, a velocity sensors configured to measure a speed of
rotation of shait 150 (including, e.g., optical-based sensors,
positional sensors, capacitive sensors, tachometers, etc.),
and/or other types of sensors for calculating an amount of
energy produced by power generation system 100 and/or
generator 152,  Sensor(s) 164, regardless of the
embodiment(s) used, can be communicatively connected
(e.g., electrically and/or wirelessly) to controller 180 to
calculate an energy output of power generation system 100
and/or generator 152. In addition, the energy output detected
with sensor(s) 164 can be tabulated or otherwise indexed by
time of measurement, such that the calculated energy
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output(s) can be cross-referenced in controller 180 to other
parameters monitored with other sensor(s) 164. Controller
180 can calculate energy outputs from power generation
system 100 and/or generator 152 which correspond to a set
of mput conditions, output conditions, etc., monitored with
sensor(s) 164.

Power generation system 100 may include a controller
180 configured to monitor and/or control the operation of
power generation system 100. Controller 180 may be struc-
turally integrated into power generation system 100, or may
be embodied as a separate controller that 1s in communica-
tion with power generation system 100. Controller 180 may
be 1n operational communication with power generation
system 100 via any suitable electronic and/or mechanical
communication component or technique. Controller 180 and
its various components discussed herein each may be a
single stand-alone system that functions as part of, or
separately from, another power plant control system (e.g.,
computing device) (not shown) that may control and/or
adjust operations and/or functions of power generation sys-
tem 100. Controller 180 may be operatively coupled to
sensor(s) 164, e.g., via one or more electrical couplings,
wireless data couplings, etc., to receive mformation there-
from. The various properties measured with sensor(s) 164
thus may be measured and/or converted into an electrical
signal or input relayed to controller 180. In some cases,
controller 180 may be 1n operative communication with
valve(s) 162 or other elements of power generation system
100 to adjust 1ts operation in real time. Controller 180 may
use sensor(s) 164 to monitor and control the operation of
power generation system 100 1n a maintenance mode, e.g.,
to enable or disable various automatic responses to one or
more risk parameters as discussed herein.

To implement various control features of the disclosure,
controller 180 may be operably coupled to one or more
valves 162, such that controller 180 governs the position of
valve 162 during operation of power generation system 100.
Controller 180, more specifically, can adjust a position of
valve 162 based on measurements collected by and/or
derived from sensor 164 data. In an example embodiment,
controller 180 can adjust a position of valve 162 based on a
calibrated performance model using measured values of the
operational conditions, energy output, etc., vielded from
sensor(s) 164. In addition to directly controlling vanables
such as temperature, pressure, and fluid flow rate through
various portions of power generation system 100, valve 162
can also aflect other properties (e.g., increases 1 volume
from thermal expansion, thermal stress, etc.) stemming from
the combustion of fuel and/or the routing of cooling fluids
through power generation system 100. In addition, controller
180 remains operable to adjust further attributes of power
generation system 100, e.g., by controlling the amount of
combustion in combustor 138 and/or an amount of cooling
fluid drawn from cooling flmd supply 154. To this end,
controller 180 can include program code which includes a
model for operating power generation system 100 1n a
maintenance mode. Such a model may include one or more
automatic responses to various operational faults, e.g., pres-
sures, temperatures, hazardous fluid concentrations, etc.,
exceeding a corresponding threshold.

FIG. 2 depicts, 1n schematic form, various operational
interactions between power generation system 100 and
controller 180 according to an example implementation. As
noted herein, power generation system 100 may be commu-
nicatively coupled to controller 180, such that various ele-
ments of power generation system 100 provide data to
controller 180. Controller 180 may operate on and/or inter-
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pret the provided data to aflect the operation of power
generation system 100. Controller 180 may implement one
or more operational methodologies to interact with and/or
control power generation system 100. Embodiments of the
disclosure may provide an independent process for control
of power generation system 100 by controller 180. In some
implementations, controller 180 may interact with and/or
override an existing methodology for controlling the opera-
tion of power generation system 100. Such existing meth-
odologies may operate on the same data as embodiments of
the disclosure, or other data received from power generation
system 100 and/or other sources. As depicted 1n the FIG. 2
example, controller 180 may receive monitored data of
power generation system 100 (e.g., hazardous fluid concen-
trations, shaft speeds, air flows, power output levels, etc.) via
one or more sensor(s) 164. Controller 180 may additionally
or alternatively recetve various forms of sensor quality data
164 indicative of, e.g., the fidelity of various types of data
collected with sensor(s) 164. The sensor quality data pro-
vided to controller 180 may include parameters such as air
flow through sensor(s) 164 (e.g., 1n the case of an aspira-
tional sensor), total time of deployment for various sensor(s)
164, estimated error (e.g., comparing the measurement of
several similar sensor(s) 164 with each other and/or com-
paring expected measurements with actual measurements),
and/or other variables indicative of sensor quality.

As discussed herein, a maintenance control program 212
may use the various types of data from power generation
system 100 and/or sensor(s) 164 to determine whether 1t 1s
possible to operate power generation system 100 1n a “first
maintenance mode.” The first maintenance mode refers to
any type of on-line maintenance mode in which at least one
automatic reaction ol controller 180 to an operational fault
1s disabled. For example, the first maintenance mode may
disable an automatic shutdown of power generation system
100 that would otherwise occur when a monitored hazardous
fluid concentration, shait speed, efliciency loss, and/or other
parameter exceeds a particular threshold. The first mainte-
nance mode thus may allow continued operation of power
generation system 100 with modified (e.g., relaxed)
responses to detected faults, but with different safeguards for
distinguishing between false positives and actual faults 1n
power generation system 100. In some cases, maintenance
control program 212 may also determine whether controller
180 must cause power generation system 100 to operate 1n
a “second maintenance mode,” 1.€., an operating state 1n
which the automatic response to the operational fault(s) are
re-enabled. As noted herein, power generation system 100
may operate the second maintenance mode once controller
180 detects risk parameters in excess of a safety threshold,
an override command 1ssued by a user or other component,
and/or operation 1n the first maintenance mode beyond a
permitted time limit. In any case, controller 180 may pro-
duce control functions (e.g., various diagnostic and protec-
tive actions) which directly aflect the operation of power
generation system 100. In some case, one or more interven-
ing components (e.g., a converter (not shown)) may receive
the control functions output from controller 180 to modifly
the operation of power generation system 100.

Referring to FIG. 3, a schematic depiction of controller
180 and sub-components thereof 1s illustrated as part of
power generation system 100. In the FIG. 3 illustration, only
one power generation system 100 1s shown 1n detail, and the
operative couplings between controller 180 and various
components of power generation system 100 from FIG. 1 are
shown only schematically 1n FIG. 3 for clarity of illustration.
As shown, controller 180 may include a computing device
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200, which may include a memory 202 with a control system
204 operating thereon. Control system 204 may be a soft-
ware system integrated with portions of exciter 170, or
otherwise 1n operative communication therewith. Control
system 204 may include, e.g., a maintenance control pro-
gram 212. Maintenance control program 212 may cause
controller 180 to act on and/or modily power generation
system 100, and/or may modily an existing operational
methodology of controller 180 for operating power genera-
tion system 100. Controller 180 as shown 1 FIG. 3 repre-
sents one type of hardware for interacting with and/or
controlling power generation system 100. As discussed
herein, controller 180 may react to various risk parameters
and/or other monitored attributes of power generation sys-
tem 100 to ensure safe and reliable operation of power
generation system 100 in a maintenance mode. Within
controller 180, maintenance control program 212 may moni-
tor and/or interact with, and 1n some cases override, other
operations that controller 180 undertakes to control power
generation system 100 (e.g., adjusting of valves 162, modi-
tying of tuel and/or cooling fluid consumption, etc.) during
operation 1n a maintenance setting.

According to an example, controller 180 may control
power generation system 100 during operation in a mainte-
nance setting, and continuously evaluate whether to operate
power generation system 100 using a first maintenance
mode or a second maintenance mode, each having different
responses to various operational faults. Maintenance control
program 212 may cause controller 180 to operate power
generation system 100 in the first maintenance mode or
second maintenance mode, based on multiple criteria includ-
ing monitored safety risks, time of operation 1n one or both
modes, and/or user override commands. Embodiments of the
present disclosure may be configured or operated 1n part by
a technician, computing device 200, and/or a combination of
a technician and computing device 200. It 1s understood that
some of the various components shown in FIG. 3 can be
implemented independently, combined, and/or stored 1in
memory for one or more separate computing devices that are
included in computing device 200. Further, it 1s understood
that some of the components and/or functionality may not be
implemented, or additional schemas and/or functionality
may be included as part of control system 204.

Computing device 200 can include a processor unit (PU)
228, an mput/output (I/0) interface 230, memory 202, and
a bus 234. Further, computing device 200 1s shown 1n
communication with an external I/O device 236 and a
storage system 238. Control system 204 may provide main-
tenance control program 212, which in turn can operate
using various modules 242 (e.g., a calculator, a determinator,
a comparator, etc.) for implementing various functions and/
or logical steps. The various modules 242 can use algorithm-
based calculations, look up tables, and similar tools stored in
memory 202 for processing, analyzing, and operating on
data to perform their respective functions. In general, PU
228 can execute computer program code to run software,
such as control system 204, which can be stored 1n memory
202 and/or storage system 238. While executing computer
program code, PU 228 can read and/or write data to or from
memory 202, storage system 238, and/or 1/O interface 236.
Bus 234 can provide a communications link between each of
the components 1n computing device 200. I/O device 230
can comprise any device that enables a user to interact with
computing device 200 or any device that enables computing
device 200 to communicate with the equipment described
herein and/or other computing devices. I/O device 230
(including but not limited to keyboards, displays, pointing

10

15

20

25

30

35

40

45

50

55

60

65

10

devices, etc.) can be coupled to controller 180 either directly
or through intervening I/O controllers (not shown).

Memory 202 can also include various forms of data 250
pertaining to various components of power generation sys-
tem 100, ¢.g., various forms of data and/or predetermined
data which controller 180 may use as a reference to moditly
the operation of power generation system 100. Maintenance
control program 212 can store and interact with data 250
subdivided 1nto various fields. For example, risk parameter
field 252 can store any and all types of data collected by
sensor(s) 164 (e.g., hazardous fluid concentrations, shaift
speeds, firing temperatures, inlet temperatures, exhaust tem-
peratures, power output, operating efliciency, etc.), which
may be used to evaluate the risk of continuing to operate
power generation system 100 1n the first maintenance mode.
Where applicable, risk parameter field 252 may be divided
into various sub-fields corresponding to particular types of
data. Data 250 may additionally or alternatively include a
sensor risk field 254 for storing risk parameters for any
sensors 164 (e.g., accuracy of measurement compared to
other sensor(s) 164 of power generation system 100 or other
system(s) 100, total deployment time, expected remaining
usetul life, air flow through sensing line(s) of power gen-
eration system 100 or sensor(s) 164, etc.)

Multiple maintenance modes that controller 180 may use
to operate power generation system 100 for on-line main-
tenance can be stored 1n a maintenance mode field 256. Such
maintenance modes may 1include a range of acceptable
power outputs, shaft speeds, combustion rates, etc., for
selected components of power generation system 100. The
maintenance modes more specifically may include operating
settings that are specific to only compressor 122, combustor
138, turbine component 142, generator 152, etc., and such
settings may be selected for permitting on-line maintenance
ol specific parts within power generation system 100. Each
maintenance mode within maintenance mode field 256,
moreover, may include one or more automated responses to
at least one operational fault of power generation system
100. An “operational fault” refers to any detected property
of power generation system 100 which violates a particular
threshold, rule, and/or other requirement. In various
examples, operational faults may include hazardous fluid
concentrations 1n excess of an acceptable maximum, shaft
speeds that are greater or less than a range of desired levels,
firing temperatures that are greater or less than expected or
safe operating ranges, etc. The automated responses to an
operational fault 1n each maintenance mode may include,
¢.g., reducing the firing rate or {iring temperature 1 a
combustor, reducing the generator shait speed and/or power
output, purging gas from selected lines, partially or com-
pletely shutting down power generation system 100, etc.
Maintenance mode field 256 may include a first maintenance
mode which disables at least one automated response to an
operational fault, and a second maintenance mode which
enables the automated response(s) to the operational fault(s).

Data 250 may include one or more risk threshold values
for various parameters measured with sensor(s) 164 during
operation of power generation system 100 1n any of the
vartous maintenance modes. The thresholds may indicate
whether 1t 1s safe to continue operating power generation
system 100 1n the first maintenance mode (1.e., with one or
more automated responses disabled) under particular cir-
cumstances. One or more of the thresholds may be stored 1n
a threshold field 258 of data 200. Such thresholds, 1n various
examples, may include a maximum hazardous fluid concen-
tration (e.g., any hazardous fluid 1n a concentration of more
than approximately one thousand parts per million), a shaft
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speed above a particular maximum (e.g., approximately
25,000 rotations per minute), and/or other values which
indicate that the operation of power generation system 100
may be approaching unsafe conditions.

Computing device 200 can comprise any general purpose
computing article of manufacture for executing computer
program code 1nstalled by a user (e.g., a personal computer,
server, handheld device, etc.). However, 1t 1s understood that
computing device 200 i1s only representative of various
possible equivalent computing devices and/or technicians
that may perform the various process steps of the disclosure.
In addition, computing device 200 can be part of a larger
system architecture operable to model and/or control various
aspects and elements of power generation system 100.

To this extent, in other embodiments, computing device
200 can comprise any specific purpose computing article of
manufacture comprising hardware and/or computer program
code for performing specific functions, any computing
article of manufacture that comprises a combination of
specific purpose and general purpose hardware/software, or
the like. In each case, the program code and hardware can be
created using standard programming and engineering tech-
niques, respectively. In one embodiment, computing device
200 may include a program product stored on a computer
readable storage device, which can be operative to auto-
matically control other elements of power generation system
100 when executed. Computing device 200 may also take
the form of, e.g., a remote monitoring system that 1s part of
a central monitoring system, which in turn 1s responsible for
monitoring several power generation systems 100. In this
case, computing device 200 may represent a portion or
subcomponent of a central control system.

Referring to FIGS. 3 and 4, embodiments of the disclo-
sure provide a method to control power generation system
100 during operation 1n an on-line maintenance setting.
Power generation system 100 may include, e.g., a power
source such as turbomachine 102 for mechanically driving
shaft 150 to drive a power output from generator 152. FIG.
4 provides a tlow diagram for operating power generation
system 100 during on-line maintenance and 1s described
with reference to the FIG. 3 example, but embodiments of
the disclosure are equally applicable to other types of power
generation systems 100. Embodiments of the methodologies
described herein may be implemented, e.g., using controller
180, and/or various modules and/or subcomponents of com-
puting device 200. Methods according to the disclosure may
also rely on other components such as controller 180 com-
municatively coupled to computing device 200 to operate
power generation system 100 using various control settings
as discussed herein. Power generation system 100 may
analyze various properties ol power generation system 100
as 1t operates, and 1n particular may cause power generation
system 100 to shift between a first maintenance mode and a
second maintenance mode. The diflerent maintenance
modes may affect whether power generation system 100
undertakes one or more automated responses upon detecting,
an operational fault. The illustrative flow diagram in FIG. 4
1s shown with several processes organized in an example
flow, but 1t 1s understood that one or more processes may be
implemented simultaneously and/or sequentially, and/or
executed 1n any alternative order while maintaining the
various technical features described by example herein.

In an example implementation, methods according to the
disclosure may 1include process P1 of operating power
generation system 100 1n the first maintenance mode. Pro-
cess P1 may be preceded by other operations described
herein (e.g., process PO of authorizing the first maintenance
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mode and/or determining whether power generation system
100 meets preconditions 1n decision DO), and the details of
these processes are discussed elsewhere herein. Process Pl
may include using controller 180 to shiit the operation of
power generation system 100 from a non-maintenance mode
(or the second maintenance mode, when the method 1s
implemented 1n a loop) to the first maintenance mode. Such
a shift may include adjusting valve(s) 162 and/or other
characteristics of power generation system 100 to aflect the
power output, combustion temperature, shait rotation speed,
cooling fluid tlow, and/or other properties of power genera-
tion system 100 to permit maintenance (e.g., repair, replace-
ment, servicing of parts, etc.) while power generation sys-
tem 100 continues to operate. In the first maintenance mode,
maintenance control program 212 of controller 180 may
disable one or more automated responses to a corresponding
operational fault within power generation system 100. The
disabled responses may be designated via modules 242,
and/or may be set forth within maintenance mode field 256
of data 250. According to an example implementation,
operating power generation system 100 1n the first mainte-
nance mode may disable an automatic response of tempo-
rarily shutting down power generation system 100 in
response to detecting more than one-thousand, five-hundred
parts per million of a hazardous flmd. Power generation
system 100 may continue to operate 1n the first maintenance
mode as maintenance control program 212 implements
turther processes of the disclosure, except where controller
180 changes the maintenance mode, as noted herein.

In some cases, an operator or administrator ol power
generation system 100 may limit the amount of time that
power generation system 100 1s able to operate in the first
maintenance mode. To provide this feature, embodiments of
the disclosure may include setting and enforcing a total time
limit 1n which power generation system 100 may operate 1n
the first maintenance mode. The time limit for operating in
the first maintenance mode may be stored, e.g., 1n mainte-
nance mode field 256 of data 250. In this case, power
generation system 100 may be allowed to operate in the first
maintenance mode for the duration of the time limit before
being automatically switched to operating in the second
maintenance mode without analysis of risk parameters and/
or other operating characteristics.

In various implementations, the same time limit may
apply to a total elapsed time for multiple instances of
operating power generation system 100 1n the first mainte-
nance mode. Thus, past periods of operation in the first
maintenance mode will count toward the time limit. The
clapsed time may only be reset on designated days, e.g., after
two weeks, one month, three months, six months, one year,
etc. In an example, the time limit for the first maintenance
mode may be five-hundred hours of total operating time in
the first maintenance mode. The elapsed time may be reset
to zero only once per year in such an example. Thus, the time
limit may be reached after fifty instances of power genera-
tion system 100 operating in the first maintenance mode for
ten hours at a time, or after a single nstance ol operating
power generation system 100 in the first maintenance mode
for five-hundred hours. After a prescribed time period
clapses, or an administrator of power generation system 100
otherwise allows the elapsed time to be reset, embodiments
of the disclosure optionally may include process Pl.1
(shown 1n phantom) of resetting the elapsed time of opera-
tion 1n the first maintenance mode. Resetting the elapsed
time may include, e.g., modules 242 of maintenance control
program 212 archiving the current value of an “elapsed
time” variable 1 data 250 and/or replacing 1t with zero. In
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cases where the prescribed period has not elapsed, and/or an
administrator of power generation system 100 has not autho-
rized resetting the elapsed time, process P1.1 1s omitted or
skipped.

While power generation system 100 continues to operate
in the first maintenance mode, methods of the disclosure
may include process P2 of monitoring various risk param-
cters ol power generation system 100 and/or sensor(s) 164.
The monitoring of risk parameters in process P2 may be
implemented, e.g., using sensor(s) 164, and/or analysis of
other properties of power generation system 100 (e.g.,
power output, operating time, etc.) without the aid of
sensor(s) 164. As used herein, the term “risk parameters”
can refer to any conceivable property and/or group of
properties (including, e.g., mechanical, electrical, and/or
chemical data) indicative of whether power generation sys-
tem 100 1s approaching unsafe operation. Example risk
parameters of power generation system 100 to be analyzed
may include, without limitation, shaft speed, one or more
temperatures, internal vibrations, fluid punty, purge fluid
flow, fluid pressure, power output, tlame detection param-
cters, fluid flow rates, etc. Example risk parameters for
sensor(s) 164 similarly may include, e.g., a sensor quality
for a gas sensor in fluid communication with a sensing line.
In this case, sensor quality may refer to the variance between
one sensor 164 and other sensors 164, the total deployment
time and/or expected usetul life of sensor(s) 164, availability
of sensor(s) 164 as power generation system 100 operates,
etc. The nisk parameters may be direct measurements of
sensor 164, and/or may be based on present data, historical
operating data, models of power generation system 100,
projected operating settings and/or parameters of power
generation system 100, etc. In further implementations,
maintenance control program 212 of controller 180 may
simulate these and other monitored risk parameters of power
generation system 100 based on monitored via sensors 164.
In further processing, maintenance control program 212 of
controller 180 may use the monitored risk parameters to
evaluate whether to continue operating power generation
system 100 1n the first maintenance mode, or shift power
generation system 100 to a second maintenance mode.

As power generation system 100 continues to operate 1n
the first maintenance mode, with continued monitoring of
risk parameters for system 100 and/or sensor(s) 164, meth-
ods of the disclosure include determining whether to con-
tinue the operation 1n the first maintenance mode. To main-
tain sate and reliable operation of power generation system
100, further operation in the first maintenance mode (1.e.,
with one or more automatic responses to operational faults
disabled) 1s contingent on compliance with various technical
and/or user-determined requirements. An example of such
requirements are shown in the example flow diagram as
decision nodes D1, D2, and D3.

At decision D1, modules 242 can determine whether an
operator or administrator of power generation system 100
has 1ssued an override command. The override command
may be any input to controller 180 (e.g., provided via /O
device 236) which instructs maintenance control program
212 to stop operating in the first maintenance mode, and
begin operating 1n the second maintenance mode. In some
cases, the override command may be 1ssued automatically
by maintenance control program 212 itself, e.g., by refer-
ence to external control programs and/or devices in com-
munication with controller 180. Where an override com-
mand 1s detected (i1.e., “Yes” at decision D1), the method
may proceed immediately to process P3 of operating power
generation system 100 in the second maintenance mode,
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and/or implement further optional processes (e.g., disabling
the first maintenance mode 1n process P4). In cases where no
override command 1s detected (1.e., “No” at decision D1),
the method may proceed to further analysis of whether to
maintain operation in the first maintenance mode.

At decision D2, modules 242 can determine whether the
clapsed operating time (e.g., the total operating time for the
current instance of the first maintenance mode plus past
instances of using the first maintenance mode) exceeds a
time limit for operating power generation system 100 1n the
first maintenance mode. As noted elsewhere herein, the time
limit may be, for example, approximately five hundred hours
of total operation 1n the first maintenance mode. In this case,
an elapsed time of less than five hundred hours for a single
instance of using the first maintenance mode may exceed the
time limit 1 power generation system 100 previously has
used the first maintenance mode without initializing the time
limit (e.g., in process P1.1). If the time limit for the first
maintenance mode has been reached (1.e., “Yes” at decision
D2), the method may continue to process P3, and/or process
P4 or other operations as noted herein. If the time limit for
the first maintenance mode has not been reached (1.e., “No”
at decision D2) the method may proceed to analysis of the
risk parameter(s) monitored 1n process P2.

At decision D3, modules 242 of maintenance control
program 212 may evaluate whether any risk parameters of
power generation system 100 or sensor(s) exceed their
corresponding risk threshold(s). The relevant threshold(s)
for each monitored risk parameter may be stored and orga-
nized 1n threshold field 258 of data 250 as noted elsewhere
herein. The corresponding risk threshold(s) may not indicate
that power generation system 100 1s 1n violation of a safety
limit or otherwise malfunctioning, but simply may indicate
that 1ts operation 1s starting to approach a level that requires
heightened scrutiny. According to an example, modules 242
of maintenance control program 212 may evaluate whether
a hazardous fluid concentration 1n one or more portions of
turbomachine 102 exceeds a designated safe level (e.g.,
one-thousand parts per million). Decision D3 1n some cases
may include determining whether a predetermined number
and/or percentage of selected risk parameters exceeds their
corresponding thresholds. In cases where the nisk
parameter(s) exceed the corresponding risk threshold(s)
(1.e., “Yes” at decision at D3), the method may proceed to
turther operations to operate power generation system 100 1n
the second maintenance mode. In cases where the risk
parameter(s) do not exceed the corresponding risk
threshold(s) (i.e., “No” at decision D3), controller 180 will
maintain 1ts operation of power generation system 100 in the
first maintenance mode. Thus, the automatic response to one
or more operational faults will remain disabled only when
cach of decisions D1, D2, D3 output a “No.”

Where any of decision nodes D1, D2, D3 output a “No,”
methods according to the disclosure may include process P3
of operating power generation system 100 in a second
maintenance mode, 1nstead of the above-noted first mainte-
nance mode. Process P3 may include, e.g., using controller
180 to shift the operation of power generation system 100
from the first maintenance mode to the second maintenance
mode. Such a shilt may maintain substantially the same
power output, combustion temperature, shait rotation speed,
and/or other properties ol power generation system 100 to
permit maintenance (€.g., repair, replacement, servicing of
parts, etc.) while power generation system 100 continues to
operate. However, 1n the second maintenance mode, main-
tenance control program 212 of controller 180 may enable or
re-enable one or more automated responses to a correspond-
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ing operational fault within power generation system 100.
As noted herein, such responses may be designated wvia
modules 242, and/or may be set forth within maintenance
mode field 256 of data 250. According to an example
implementation, operating power generation system 100 1n
the first maintenance mode may disable an automatic
response ol temporarily shutting down power generation
system 100 1n response to detecting more than one-thousand
five-hundred parts per million of a hazardous fluid. Power
generation system 100 may continue to operate 1n the second
maintenance mode as maintenance control program 212
implements further processes of the disclosure, except
where controller 180 changes the maintenance mode as
noted herein. The method may conclude (“Done) when
power generation system 100 begins operating in the second
maintenance mode, or may return to other processes (e.g.,
process P1 or optional process PO as discussed below) to
possibly resume operation 1n the first maintenance mode.

In some cases, an operator or administrator of power
generation system 100 may wish to prevent further operation
in the first maintenance mode, ¢.g., when the time limait has
been reached and/or when any other circumstances require
heightened scrutiny during maintenance (e.g., operator pret-
erence and/or particular risk thresholds being exceeded). To
accommodate these circumstances, methods of the disclo-
sure optionally include disabling further use of the first
maintenance mode 1 process P4. The disabling may
include, e.g., modules 242 automatically overriding further
requests to enable the first maintenance mode 1n decision
D1, or otherwise preventing further operation in the first
maintenance mode without re-initializing controller 180 or
overriding instructions ifrom a user, operator, etc. After the
first maintenance mode 1s disabled, the method may con-
tinue to process P3 of operating power generation system
100 1n the second maintenance mode as described elsewhere
herein.

In some cases, methods according to the disclosure may
include an optional process PO of authorizing the first
maintenance mode before other actions (e.g., processes P1,
P2, decisions D1, D2, D3) may be implemented. Process PO
may occur, €.g., before any other processes of the disclosure
are implemented, or only after power generation system 100
begins operating 1n the second maintenance mode. Process
PO may include, e.g., preventing maintenance control pro-
gram 212 from implementing any processes according to the
disclosure until the first maintenance mode 1s authorized.
The authornization may be manual (e.g., input to controller
180 by an operator of power generation system 100), or may
be automatic (e.g., based on signals from interconnected
control devices and/or an automatic authorization by main-
tenance control program 212).

Following process PO, the method may continue to deci-
sion DO 1n which modules 242 determine whether one or
more preconditions for operating in the first maintenance
mode have been met. The preconditions may include, or be
the same as, the risk threshold(s) analyzed in decision D3.
Additionally or alternatively, one or more of the precondi-
tions to be analyzed 1n decision DO may be different from the
risk threshold(s) of decision D3. In the example of hazard-
ous fluid monitoring, decision DO may include determining
whether the hazardous fluid concentration within portions of
turbomachine 102 1s less than seven-hundred and fifty parts
per million (1.e., half of the example risk threshold). The
precondition(s) may additionally or alternatively include
other requirements, e.g., the elapsed time 1n the first oper-
ating mode not having previously exceeded the time limat
before resetting of the elapsed time 1s allowed. If the
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preconditions are not met (1.e., “No” at decision DO0), the
method may proceed immediately to process P3 of operating
power generation system 100 in the second maintenance
mode, and/or resuming such operation where applicable. In
cases where the precondition(s) 1s/are met, the method may
continue to process P1 and subsequent operations discussed
herein.

Technical eflects of the embodiments described herein
include accommodating multiple levels of scrutiny {for
operation of a power generation system during on-line
maintenance. In particular, methods of the disclosure cause
power generation system 100 to operate with reduced scru-
tiny during maintenance, via a {irst operating mode. The first
operating mode prevents shutdowns or other responses to
operational faults, when such faults are unlikely to be caused
by systemic problems. The disclosure automatically
increases the scrutiny in cases where an operator overrides
the first maintenance mode, reduced scrutiny 1s permitted for
a prescribed time, or where risk parameters exceed corre-
sponding thresholds. Embodiments of the disclosure thus
provide multiple forms of operation during on-line mainte-
nance, to automatically accommodate higher and lower need
for scrutiny 1n different circumstances.

Approximating language, as used herein throughout the
specification and claims, may be applied to modily any
quantitative representation that could permissibly vary with-
out resulting 1n a change 1n the basic function to which 1t 1s
related. Accordingly, a value modified by a term or terms,
such as “about,” “approximately” and “substantially,” are
not to be limited to the precise value specified. In at least
some 1nstances, the approximating language may corre-
spond to the precision of an instrument for measuring the
value. Here and throughout the specification and claims,
range limitations may be combined and/or interchanged;
such ranges are i1dentified and include all the sub-ranges
contained therein unless context or language indicates oth-
erwise. “Approximately” as applied to a particular value of
a range applies to both end values, and unless otherwise
dependent on the precision of the instrument measuring the
value, may idicate +/-10% of the stated value(s).

The corresponding structures, matenals, acts, and equiva-
lents of all means or step plus function elements 1n the
claims below are intended to include any structure, matenal,
or act for performing the function 1n combination with other
claimed elements as specifically claimed. The description of
the present disclosure has been presented for purposes of
illustration and description but 1s not intended to be exhaus-
tive or limited to the disclosure 1n the form disclosed. Many
modifications and varnations will be apparent to those of
ordinary skill 1n the art without departing from the scope and
spirit of the disclosure. The embodiment was chosen and
described 1n order to best explain the principles of the
disclosure and the practical application, and to enable others

of ordinary skill 1n the art to understand the disclosure for
various embodiments with wvarious modifications as are

suited to the particular use contemplated.

What 1s claimed 1s:
1. A method for controlling a power generation system
during on-line maintenance, the method comprising:

modeling the power generation system in a first mainte-
nance mode and a second maintenance mode:

operating the power generation system 1in the first main-
tenance mode,

wherein the operating the power generation system 1n the
first maintenance mode causes a controller of the power
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generation system to programmatically disable an auto-
mated response to at least one operational fault of the
power generation system,

wherein modeling the power generation system deter-
mines the automated response to the at least one

operational fault of the power generation system;

calculating an elapsed time of operating the power gen-
cration system 1n the first maintenance mode, wherein

calculating the elapsed time includes accumulating

time from previous instances of operating in the first
maintenance mode;

monitoring a risk parameter of the power generation
system or at least one sensor within the power genera-
tion system while operating the power generation sys-
tem 1n the first maintenance mode; and

operating the power generation system in the second
maintenance mode 1n response to detecting the elapsed
time 1n the first maintenance mode exceeding a time

limit, or the monitored risk parameter exceeding a
safety threshold,

wherein operating the power generation system in the
second maintenance mode causes the controller of the
power generation system to programmatically enable
the automated response to the at least one operational
fault of the power generation system,

wherein modeling the power generation system deter-

mines the time limit of the elapsed time and the satety
threshold of the monitored risk parameter.
2. The method of claim 1, wherein the monitored risk
parameter includes a hazardous tluid concentration within a
sensing line of the power generation system, or each of an
air flow within the sensing line and a sensor quality for a gas
sensor 1n fluid communication with the sensing line of the
power generation system.
3. The method of claim 1, further comprising maintaining,
operation of the power generation system 1n the first main-
tenance mode 1n response to not detecting the elapsed time
in the first maintenance mode not exceeding a time limit, and
the monitored risk parameter not exceeding the safety
threshold.
4. The method of claim 1, further comprising, while
operating the power generation system in the second main-
tenance mode:
in response to detecting an authorization to operate the
power generation system 1n the first maintenance mode,
determining whether the power generation system
complies with a set of preconditions for the first main-
tenance mode;
operating the power generation system in the first main-
tenance mode 1n response to the power generation
system complying with the set of preconditions; and

maintaining operation of the power generation system 1n
the second maintenance mode in response to the power
generation system not complying with the set of pre-
conditions.

5. The method of claim 1, wherein the monitored risk
parameter includes a plurality of risk parameters each hav-
ing a corresponding safety threshold.

6. The method of claim 1, further comprising disabling
turther operation of the power generation system 1n the first
maintenance mode 1n response to detecting the elapsed time
in the first maintenance mode exceeding the time limit.

7. The method of claim 1, further comprising disabling
turther operation of the power generation system 1n the first
maintenance mode 1n response to detecting an override
command.
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8. A program product stored on a non-transitory computer
readable storage medium for controlling a power generation
system during on-line maintenance, the computer readable
storage medium comprising program code for causing a
computer system to perform actions including:

modeling the power generation system in a first mainte-

nance mode and a second maintenance mode;
operating the power generation system 1n the first main-
tenance mode,
wherein the operating the power generation system 1n the
first maintenance mode causes a controller of the power
generation system to programmatically disable an auto-
mated response to at least one operational fault of the
power generation system,
wherein modeling the power generation system deter-
mines the automated response to the at least one
operational fault of the power generation system;

calculating an elapsed time of operating the power gen-
eration system 1n the first maintenance mode, wherein
calculating the elapsed time includes accumulating
time from previous instances of operating in the first
maintenance mode;

monitoring a risk parameter of the power generation

system or at least one sensor within the power genera-
tion system while operating the power generation sys-
tem 1n the first maintenance mode; and

operating the power generation system in the second

maintenance mode 1n response to detecting the elapsed
time 1n the first maintenance mode exceeding a time
limit, or the monitored risk parameter exceeding a
safety threshold,

wherein operating the power generation system 1in the

second maintenance mode causes the controller of the
power generation system to programmatically enable
the automated response to the at least one operational
fault of the power generation system,

wherein modeling the power generation system deter-

mines the time limit of the elapsed time and the safety
threshold of the monitored risk parameter.
9. The program product of claim 8, wherein the monitored
risk parameter includes a hazardous fluid concentration
within a sensing line of the power generation system, or each
of an air flow within the sensing line and a sensor quality for
a gas sensor 1n fluid communication with the sensing line of
the power generation system.
10. The program product of claim 8, further comprising
program code for maintaining operation of the power gen-
eration system 1n the first maintenance mode 1n response to
not detecting the elapsed time 1n the first maintenance mode
not exceeding a time limait, and the monitored risk parameter
not exceeding the safety threshold.
11. The program product of claim 8, further comprising
program code for actions including, while operating the
power generation system in the second maintenance mode:
in response to detecting an authorization to operate the
power generation system in the first maintenance mode,
determining whether the power generation system
complies with a set of preconditions for the first main-
tenance mode;
operating the power generation system 1in the first main-
tenance mode 1 response to the power generation
system complying with the set of preconditions; and

maintaining operation of the power generation system 1n
the second maintenance mode in response to the power
generation system not complying with the set of pre-
conditions.
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12. The program product of claim 8, wherein the moni-
tored risk parameter includes a plurality of risk parameters
cach having a corresponding safety threshold.

13. The program product of claim 8, further comprising
program code for disabling further operation of the power
generation system 1in the first maintenance mode in response
to detecting the elapsed time 1n the first maintenance mode
exceeding the time limit.

14. The program product of claim 8, further comprising
program code for disabling further operation of the power
generation system 1in the first maintenance mode in response
to detecting an override command.

15. A system comprising:

a power generation system configured to operate 1n an

on-line maintenance setting;
a system controller 1n communication with the power
generation system, the system controller being config-
ured to perform actions during operation of the power
generation system 1n the on-line maintenance setting,
the actions mncluding;:
model the power generation system 1n a first mainte-
nance mode and a second maintenance mode;

operate the power generation system 1n the first main-
tenance mode,

wherein the operating the power generation system in
the first maintenance mode causes a controller of the
power generation system to programmatically dis-
able an automated response to at least one opera-
tional fault of the power generation system,

wherein modeling the power generation system deter-
mines the automated response to the at least one
operational fault of the power generation system;

calculate an elapsed time of operating the power gen-
cration system 1n the first maintenance mode,
wherein calculating the elapsed time includes accu-
mulating time from previous instances of operating
1n the first maintenance mode:

monitor a risk parameter ol the power generation
system or at least one sensor within the power
generation system while operating the power gen-
eration system in the first maintenance mode; and

operate the power generation system in the second
maintenance mode 1n response to detecting the
clapsed time 1n the first maintenance mode exceed-
ing a time limit, or the monitored risk parameter
exceeding a safety threshold,
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wherein operating the power generation system in the
second maintenance mode causes the controller of
the power generation system to programmatically
enable the automated response to the at least one
operational fault of the power generation system,
wherein modeling the power generation system deter-
mines the time limit of the elapsed time and the
safety threshold of the monitored risk parameter.
16. The system of claim 15, wherein the monitored risk
parameter includes a hazardous tluid concentration within a
sensing line of the power generation system, or each of an
air flow within the sensing line and a sensor quality for a gas
sensor 1n fluid communication with the sensing line of the
power generation system.
17. The system of claim 15, wherein the system controller
1s further configured to maintain operation of the power
generation system 1n the first maintenance mode 1n response
to not detecting the elapsed time in the first maintenance
mode not exceeding a time limit, and the monitored risk
parameter not exceeding the satfety threshold.
18. The system of claim 15, wherein the system controller
1s Turther configured, while operating the power generation
system 1n the second maintenance mode, to perform actions
including:
in response to detecting an authorization to operate the
power generation system 1n the first maintenance mode,
determine whether the power generation system com-
plies with a set of preconditions for the first mainte-
nance mode;
operate the power generation system in the first mainte-
nance mode 1n response to the power generation system
complying with the set of preconditions; and

maintain operation of the power generation system in the
second maintenance mode in response to the power
generation system not complying with the set of pre-
conditions.

19. The system of claim 15, wherein the monitored risk
parameter includes a plurality of risk parameters each hav-
ing a corresponding safety threshold.

20. The system of claim 15, wherein the system controller
1s further configured to disable further operation of the
power generation system in the first maintenance mode in
response to detecting the elapsed time 1n the first mainte-
nance mode exceeding the time limat.
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